Phylogenetic relationships of horned lizards (Phrynosoma) based on nuclear and mitochondrial data: evidence for a misleading mitochondrial gene tree.
It has proven remarkably difficult to obtain a well-resolved and strongly supported phylogeny for horned lizards (Phrynosoma) because of incongruence between morphological and mitochondrial DNA sequence data. We infer the phylogenetic relationships among all 17 extant Phrynosoma species using >5.1 kb of mtDNA (12S rRNA, 16S rRNA, ND1, ND2, ND4, Cyt b, and associated tRNA genes), and >2.2kb from three nuclear genes (RAG-1, BDNF, and GAPD) for most taxa. We conduct separate and combined phylogenetic analyses of these data using maximum parsimony, maximum likelihood, and Bayesian methods. The phylogenetic relationships inferred from the mtDNA data are congruent with previous mtDNA analyses based on fewer characters and provide strong support for most branches. However, we detected strong incongruence between the mtDNA and nuclear data using comparisons of branch support and Shimodaira-Hasegawa tests, with the (P. platyrhinos+P. goodei) clade identified as the primary source of this conflict. Our analysis of a P. mcalliixP. goodei hybrid suggests that this incongruence is caused by reticulation via introgressive hybridization. Our preferred phylogeny based on an analysis of the combined data (excluding the introgressed mtDNA data) provides a new framework for interpreting character evolution and biogeography within Phrynosoma. In the context of this improved phylogeny we propose a phylogenetic taxonomy highlighting four clades: (1) Tapaja, containing the viviparous short-horned lizards P. ditmarsi, P. hernandesi, P. douglasii, and P. orbiculare; (2) Anota, containing species with prominent cranial horns (P. solare, P. mcallii, and the P. coronatum group); (3) Doliosaurus, containing three species lacking antipredator blood-squirting (P. modestum, P. platyrhinos, and P. goodei); and (4) Brevicauda, containing two viviparous species with extremely short tails that lack blood-squirting (P. braconnieri and P. taurus).